The purpose of this textbook is to provide a single author text that covers all aspects of thyroid cancer. I requested and acknowledge the assistance of Dr Gerald Berry, a professor in Pathology at Stanford University, who adds expertise and outstanding figures to Chapter 3 on pathology of the thyroid. I hope, the text is easy to read, clinically valuable, authoritative, and enjoyable. Both or all sides of controversial issues are discussed. The final interpretation of data and their management could reflect my personal experience, but I hope not bias. The book is designed for physicians, including internal medicine and primary care doctors, endocrinologists, nuclear medicine physicians, general and head and neck surgeons, and oncologists including radiation oncologists. It is expected that a patient with a thyroid nodule or thyroid cancer would use the information as a resource. Others groups who will find an interest in the book would be trainees, including residents, medical students, and nurse practitioners, when they research a patient related problem.
In this chapter the epidemiology of thyroid cancer is presented followed by a synopsis of the educational goals of the subsequent chapters. Terminology, the use of words, abbreviations, and units of measurements are defined. The interpretation of results and statistics are discussed briefly along with evidence-based medicine and the importance of controlled studies and meta-analysis. The topics of alternative and traditional treatments are introduced briefly and are not included in the remainder of the book.
Epidemiology
In 2004 the American Cancer Society predicts there will be approximately 22,500 new cases of thyroid cancer in the United States. There is a 3 : 1 ratio of women to men, with estimated numbers of 16,875 cases in women versus 5,625 cases in men. Thyroid cancer accounts for about 1.1% of all cancers, and approximately 1.7% of cancers in women arise in the thyroid, compared with 0.5% of cancers in men. The prognosis is generally good, and overall 6% of patients die from the cancer, but the genders are more equally represented, with about 800 women and 600 men expected to die in the United States due to their thyroid cancers in 2004. This means that less than 0.5% of all cancer deaths are from carcinomas of the thyroid. There has been a progressive increase in the number of new cases in the United States and these have tripled over three decades. Although the total mortality numbers have also increased, they have done so only slightly, so the relative risk of dying has fallen over the same time. Figure 1 .1 shows the overall number of cases and deaths in the United States over eight time periods from 1970-2003. Table 1 .1 shows the number of new patients (women and men) per 100,000 people from 1973-2000. The increasing number of patients with thyroid cancer is not easily explained but could be due to a true increase that might be in part caused by radioactive fallout from atomic bomb testing, which is discussed in Chapter 5, Etiol-
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Thyroid Cancer: Epidemiology and Overview ogy of Thyroid Cancer. Alternatively physicians might be identifying small cancers that would have been overlooked in earlier decades, and the almost stable death rate supports this point of view. As stated above, women are more likely to develop thyroid cancer and the usual ratio is about 3 : 1 women to men; the only situation where the number of thyroid cancers is similar between the genders is in prepubertal children (1) . Because the large majority of patients who are diagnosed with thyroid cancer have an excellent prognosis, each year there are approximately an additional 21,000 patients with this diagnosis who are expected to live for several decades. Therefore, there are several hundred thousand people in the United States who have a diagnosis of thyroid cancer.
Substantial differences in the prevalence of thyroid cancer between ethnic groups are recognized and these are hard to explain. In the United States, African Americans have a low incidence of 3.3 thyroid cancers per 100,000 women, Hawaiian women have 9.1 thyroid cancers per 100,000, Vietnamese women have 10.5 thyroid cancers per 100,000, and Filipino women have the highest incidence of thyroid cancer at 14.6 per 100,000 (1) . Caucasian and Hispanic populations have similar incidences in women of 6.5 and 6.2 cancer of the thyroid per 100,000. When age is also considered Filipino women between 55 and 69 years have an incidence of 32.5 cancers per 100,000. Filipino men also have a higher incidence of thyroid cancer with 4.1 per 100,000 compared to 1.4 per 100,000 for African Americans. There would appear to be value in determining whether African Americans have a low incidence based on some protective factor or whether those populations at higher risk are exposed to an environmental or genetic factor that is hazardous. The same applies to the gender difference. Does being a man actually decrease the risk, or do female sex hormones increase it? A multi-ethnic study in the San Francisco Bay area tried to answer the environmental question, but no compelling factor was identified (2) .
The incidence of thyroid cancer peaks at age 30-45 years and then levels off making this different from most malignancies, which become more common with advancing age. Hispanic men are the exception to this, having their highest incidence over the age of 70 years (9.2 per 100,000) (1) .
In contrast in the United Kingdom there are 1,000 new cases annually yet the population is about one fifth of that of the United States. The incidence is 2.3 thyroid cancers per 100,000 women and 0.9 per 100,000 men, which is substantially less than in the United States (3). Also in contrast 250 (25%) die annually of this cancer in the UK and the five-year survival is only 75% for women and 64% for men compared to tenyear survival rates in the United States that are better by an additional 20% (4). The basic therapies are similar in the United States and UK. The lower incidence and higher mortality in the UK might be due to delayed diagnosis until the cancer is larger and invasive, and small nonlethal lesions are not identified. The use of a staging system such as Tumor, Node, Metastasis (TNM), or a Prognostic Index (see Chapter 6) of every new case would allow this point to be proven or disproved. The survival is also dependant on race. The five-year survival for Caucasians in the United States has been 92% (1974) (1975) (1976) , 94% (1980-1982) and 95% (1989) (1990) (1991) (1992) (1993) (1994) (1995) , and over the same time intervals, the outcomes for African Americans were 88%, 94%, and 89%.
Contents of Chapters
Chapter 2 discusses clinically relevant aspects of thyroid anatomy and physiology. The fundamentals of testing thyroid function are included. These are important for understanding the results of thyroid function tests in a patient with a thyroid nodule or cancer and how to proceed with additional testing when patients are treated for these abnormalities. The anatomy of the thyroid and its lymphatics illustrate how the cancer can spread. Knowledge of the physiology of the iodide cycle and the formation of thyroid hormones illustrates how testing and treatment with radioiodine works. It also explains why false positive scans can occur due to trapping of radioiodine in non-thyroidal organs. The embryology allows an understanding of thyroid cancers in ectopic sites, such as ligual thyroid and thyroglossal duct cysts.
Chapter 3, which is on pathology, includes cytology and histology, and should aid the clinician working with a pathologist on reaching a correct decision about management. The prognosis varies depending on the type of cancer and in some cases the classification of the cancer. This is based on subtle pathological changes.
Because thyroid cancer usually is diagnosed when a nodule is found in the thyroid, Chapter 4 is on management of thyroid nodules. Nodules are very common and are present in 4% to 6% of normal adults. This has to be contrasted with the 22,500 new cancers diagnosed annually in the United States. Since there are potentially 12 million to 18 million ([4 -6]/100 ¥ 300,000,000 people in the United States) patients in the United States with a palpable thyroid nodule, this is a significant clinical problem. The numbers should not be interpreted as meaning that a nodule has about a one in 1,000 chance of being cancer (22,500/18,000,000), since each year there are 22,500 additional cancers and an unknown additional number of benign nodules. The numeric importance of thyroid nodules is significantly greater when it is recognized that 30% to 50% of adults have a nodule, or nodules, that can be identified by imaging, such as an ultrasound scan. Chapter 5 is devoted to the causes of thyroid nodules and more importantly of thyroid cancer. The role of radiation and genetic mutations are reviewed. The sources of radiation are medical, both diagnostic and therapeutic; occupational such as working in radiology or nuclear medicine, or a nuclear power plant and accidental release of radiation from atomic power stations; and radioactive fall-out from atomic bombs both intentional and from nuclear testing. The reader should obtain an understanding of the physics of radioactivity and the interaction of radioactive emissions with biological compounds such as deoxyribonucleic acid (DNA), plus knowledge of how mutations cause or predispose to malignant transformation.
Chapter 6 covers all aspects of differentiated thyroid cancer, which numerically is the most important cancer accounting for approximately 80% to 85% of the cases. The majority of differentiated cancers are classified as papillary cancer based on pathologic features and these along with the less common follicular cancer retain many of the functional characteristics of thyroid cells, hence the designation of differentiated thyroid cancer. All treatments in the management of differentiated thyroid cancer are addressed, including surgery, the role and logistics of radioactive iodine therapy, and long-term prescription of thyroid hormone. The methods for follow-up including scintigraphy and measurement of thyroglobulin (Tg) are presented.
Problems such as complications of thyroidectomy and radioiodine testing and treatment are described. Methods of determining the dose of iodine-131 ( 131 I) to be administered are demonstrated. Radiation safety planning for the release of radioactive patients from the hospital and the documents that can be used by medical personnel to advise and educate patients and families are provided. Controversial areas such as the need for whole-body diagnostic scans, stunning of the thyroid attributed to diagnostic There are several variants of differentiated cancer, such as tall cell and columnar, for which prognosis is worse, and these are discussed individually. Also included are differentiated cancers in ectopic sites such as the thyroglossal duct and the struma ovarii. Familial differentiated thyroid cancer, also called familial nonmedullary cancer, is presented as a topic of increasing importance.
Chapter 7 is devoted to differentiated thyroid cancer in children. There are specific features of the disease and added emotional factors in these patients. Because thyroid cancer is predominantly a disease of women, in particular in the 20-year to 50-year age group, thyroid cancer in pregnancy, the effects of the disease and its treatment on fertility, offspring, and nursing are included in Chapter 8. The importance of not treating a pregnant patient with radioiodine is stressed, and the medical and legal literature is reviewed.
Anaplastic cancer affects the same cell as differentiated thyroid cancer and, in fact, often arises from or occurs in a pre-existing differentiated thyroid cancer. Because of its clinical course, treatment and prognosis is very different; it is discussed separately in Chapter 9. Medullary cancer and the familial syndromes of multiple endocrine neoplasia 2A and B (MEN 2A and 2B) pose different management problems and are reviewed independently. The importance of early diagnosis of familial cases by genetic screening is stressed. Lymphoma of the thyroid is also presented separately, since the treatment is very different from all other types of thyroid cancer. Most often this cancer is under the management of a medical or radiation oncologist. Finally, Chapter 12 is a brief chapter about cancers that metastasize to the thyroid. Each chapter should stand alone; therefore, there is some overlap but not excessive repetition. For example thyroid function testing is discussed in the second chapter on physiology and again in the follow-up of adult patients, children and pregnant women in Chapters 6, 7 and 8 respectively. Pathology is discussed in Chapter 3 and only the hallmarks of lesions are repeated along with each specific cancer. Genetic mutations as a cause of cancer are presented in Chapter 5 and clinically important issues reviewed in particular in Chapter 6 in the discussion of familial differentiated thyroid cancer and Chapter 10 on medullary cancer.
Words and Abbreviations
The main thyroid hormone, thyroxine (3,5,3¢,5¢ tetra-iodothyronine), can be written in many forms in addition to the two already mentioned. These include levo-thyroxine, l-thyroxine, T 4 and L-T 4 . Throughout the text when thyroxine is the medication the term levo-thyroxine is used and when thyroxine, the serum level of thyroid hormone is discussed it is written as T 4 or in the case of the free hormone, FT 4. There appears to have been the development of new languages in which only abbreviations are used. Each specialist group has its lexicon so that non-card-carrying members are left in the dark. When I read some scientific papers, the importance of the findings is lost in an alphabet soup of meaningless letters. In the book 1984, George Orwell describes a C vocabulary from which "any scientific worker or technician could find all the words he needed in the list devoted to his own speciality, but he seldom had more than a smattering of words occurring in the other lists" (5) . I accept that some abbreviations are in common usage such as DNA and RNA. With regard to the thyroid there are also several in common and universal use and recognized by physicians and patients alike as shown in Table  1 .2. Throughout the text when a commonly used name or term is presented the full title is given on the first occasion, followed by the shortened form and from then on the abbreviation is employed. In contrast there are enormous numbers of abbreviations that are not in common use. Table 1 .3 provides a random list generated in one day from scientific papers that I was reading and a lecture I attended. The authors and speaker are not identified to protect the not so innocent. Not only are these abbreviations difficult to keep track of but also some have alternative meanings that can lead to additional confusion. In situations like those listed in Table 1 .3, the full designation and not the abbreviation is repeated each time the term is used. The word tumor is interpreted by most patients to mean cancer. In fact it is an indeterminate term that should be qualified by benign or malignant. I have tried to avoid the word and use "nodule" in place of "benign tumor" and "cancer" or "carcinoma" in place of "malignant tumor."
Units of Measurement
In many parts of the text there are descriptions and discussions of radioactivity used for diagnostic testing and for therapy. The definition of these units is presented in Chapters 5 and 6. Their use cover a very large numerical range from very small fractions to numbers that are many orders of magnitude greater. Table 1 .4 provides prefixes and symbols for the range 10 -15 (femto, f) to 10 12 (tera, T). There are two systems for expressing the units of radiation and radioactivity. These are the Système International (SI) units and the standard system. There are different units for quantities of radioactivity that are administered and for radiation that is absorbed by tissues of the body. In SI the units of radioactivity that are administered are the Becquerel (Bq) or multiples of Becquerels (Megabecquerel [MBq] or Gigabecquerel [GBq] ). In the standard system the Curie (Ci) is the basic unit, and usually microcuries or millicuries are administered (mCi or mCi). Absorbed radiation is expressed in units of the Gray (Gy) and the Sievert (Sv) in the SI and rad and roentgen equivalent in man (rem) in the standard system. For most forms of medical radiation Gy and Sv are equivalent as are rad and rem. These units are defined fully in Chapters 5 and 6 and how to convert from one to the other system.
Interpretation of Test Results and Statistics
A recent study found that 38% of the statistics in articles in Nature and 25% of the statistics in articles in the British Medical Journal were wrong (6) . Therefore when reading an article (and this text) it is important to check the numbers and make an approximation to determine whether the conclusions of investigators are reasonable. In the interpretation of data, it is helpful to calculate sensitivity and specificity of the procedure under analysis. Sensitivity is defined as the proportion of patients with the disease who have a positive test result (7) . The specificity of the test is the proportion of patients who have no disease and whose test is negative. The perfect test would have a sensitivity of 100% and a specificity of 100%, but there is no such test. Figure 1 .2 provides a template for calculating these numbers. The equations for calculating sensitivity and specificity are:
There is usually a reciprocal relationship between sensitivity and specificity. As the sensitivity of a test increases the specificity decreases and vice versa. When a test has a high specificity a positive result is more likely to be a true positive. Conversely a negative result from a test that has a high sensitivity has a high probability of being a true negative, which rules out disease. Although the calculation of sensitivity and specificity does not depend on the prevalence of disease, their use in managing a patient does. For example, let us assume in an investigation the sensitivity of fine needle aspiration (FNA) of a thyroid nodule for diagnosing cancer in a nodule is 80% and the specificity is 90% and we study two new and different groups of patients. The first group consists of 100 healthy, asymptomatic women with a small nodule. The second is made up of 100 patients with a thyroid nodule who had been exposed to radiation in childhood from the release of radioactive nuclides at Chernobyl. For purpose of calculation, the a priori risk of cancer in the first group is accepted to be 5% and in the second group 30%. Using the sensitivity and specificity as shown in Figures 1.3 and 1 .4 the post priori risks of cancer when the FNA is positive are 31% and 77% respectively.
An additional and more useful method of handling the data is to determine the likelihood ratio (8) . This is the ratio of the probability of an abnormal test in patients with the disease to the probability of an abnormal test in those who re free of the disease. When the likelihood ratio is one the result of the test is neutral and of little value. The larger the likelihood ratio is above one the more likely disease is present and conversely the lower the ratio is below one the less likely the disease. Let us return to the two groups with thyroid nodules. From the five patients in group A with thyroid cancer, four had an abnormal test (FNA), which is 80%. Nine patients without cancer had an abnormal test, 9/95 = 9.5%. The positive likelihood ratio is 80%/9.5% = 8.4. In this case the calculation can be made using the formula: Charts demonstrate how the probability of a positive test result being a true positive depends not only on the sensitivity of a test but the prevalence of the disease in the population under investigation. Similarly the probability of a negative test being a true negative also depends on the prevalence of the disease or rather the prevalence of those who do not have the disease. These concepts are presented with a test (fine needle aspiration [FNA] of a solitary thyroid nodule) that has a sensitivity of 80% and a specificity of 90% for two populations, one with a 5% chance of disease the other with a 30% chance.
Of the thirty patients in group B with thyroid cancer, twenty-four had an abnormal test (FNA), which is also 80%. Seven patients (10%) without cancer had an abnormal test. The positive likelihood ratio is 80%/10% = 8. In this case the calculation can be made using the same formula:
For people who are educated on the nuances of betting on horse or dog races the use of odds is second nature. Fagan developed a nomogram that can be used to find the post test probability when the pre test probability and likelihood ratio are known.
The negative likelihood ratio is obtained from the equation
Confidence Intervals
Sensitivity and specificity are calculated from a group of patients or tests however the results might not be representative for the entire population. One method to determine the precision is the Confidence Interval. Usually this is expressed as a range that lies within random samples. The most common in practice is the 95% confidence interval, meaning that only 5% of the true answer for the population would lie outside that range. For more precision the 99% 1-sensitivity speci city fi
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. % . Using the second group of patients with thyroid nodules described above the 95% confidence intervals are Factors that are not incorporated into these calculations are the reliability of the test and the reliability of the interpreter of the test. There are very few studies addressing this point with regard to imaging tests of the thyroid. How reliable are the technical aspects of the test when a patient has the test repeated under the same conditions within a short time? To answer this is difficult to justify in the case of a patient undergoing a nuclear medicine procedure, especially when thyroid hormone has to be withdrawn and the patient is symptomatically hypothyroid. However, in the case of nuclear cardiac studies a difference of up to 5% is accepted as normal. The reader can infer that the same test in different institutes using different instruments is likely to show even less reproducibility. With regard to the interpreter, the reliability can be calculated by reading the same images on two or more occasions. All identifying features have to be removed from the images to ensure a "blinded" reading. This is called intraobserver reliability. An experienced reader can usually recall that he/she is looking at the same images and might reach a concordance by recognition. Since in many departments more than one person is responsible for the interpretation of images interobserver reliability can be measured by having a set of images read by two or more people and the concordance calculated. This is not as simple as determining how many cases the observers agree on, in other words whether both interpretations are negative or positive, since concordance can occur by chance. If two readers review 100 scans and the concordance is as shown in Figure 1 .5 this appears impressive at 80 out of 100 (80%). The true agreement is called the Kappa score (K) and is calculated as follows, first using the formula: 
Received Operator Characteristics
It was stated earlier that there is reciprocity between sensitivity and specificity. The more sensitive a test is the greater the number of true positives but also the number of false positives increases so that the specificity drops. In some situations the cutoff between normal and abnormal is arbitrary, and the level chosen results in variations in sensitivity and specificity. As an example, let us use the uptake of a tracer of radioiodine in the thyroid bed after treatment of thyroid cancer by thyroidectomy and 131 I. Some authorities accept a value <0.1% as evidence of successful therapy but others uses values as high as 1%. This is shown graphically in Figure 1 .6. The low cut-off value would identify almost all patients with residual functioning tissue (high sensitivity) but could include some where the counts are due to background activity or scattered radiation from salivary activity (low specificity). The higher value would miss patients with residual tissue (low sensitivity), but there would be few false positives (high specificity). The varying relationship between sensitivity can be produced in graphic form by plotting sensitivity (true positive) on the y-axis and one minus specificity (false positive) on the x-axis. This is the receiver operator characteristic curve (ROC). An example is shown in Figure 1 .7. The goal is to identify the optimal cut-off where there is a high sensitivity and an acceptably low specificity.
Evidence-Based Medicine
An excellent definition of evidence-based medicine comes from Sackett and colleagues, who are recognized as leaders in this discipline (9) . "The practice of evidence-based medicine means integrating individual clinical expertise with the best available external clinical evidence from systematic research." External clinical evidence is based mostly on the results of randomized controlled studies and metaanalyses. These are discussed below. However, the experience of the physician is important since he or she knows the patient as a person rather than a "case" in a research investigation.
There are no double blind controlled studies on any aspects of treatment of thyroid cancer; therefore, advice to use treatment A versus treatment B is not cast in stone. In spite of this limitation, some treatments can be advised with conviction. It is not correct to leave a cancer in the thyroid without any treatment. The cancer will grow and with time invade and metastasize and no controlled study of thyroidectomy versus no thyroidectomy would be justified under any circumstance. In retrospective studies total thyroidectomy appears to be superior to lobectomy, but even this is not accepted by all authorities for all patients (10, 11) . Likewise, it is not ethical to compare the outcome in patients treated with thyroid hormone after thyroidectomy with those not given thyroid hormone. Implicit in the definition of evidence-based medicine is that the treating physician has the "best available clinical evidence." This requires an enormous amount of time to read the appropriate journals, use computer searches, and This allows a choice of cut-off that would give the optimal choice of sensitivity coupled with specificity for the interpretation of a test.
attend lectures and conferences. Sackett et al. estimated that a practitioner would need to read about twenty articles every day of the year to achieve this goal. Patients might be despondent on reading this however I am not. It appears this should be an area for potential gain. Physicians do read and make computer searches, they do attend conferences, and they do have a close understanding of the fundamentals and controversies. In addition nowadays, many patients educate themselves on their specific problems and expect to be involved actively in decisions about testing and treatment. The combination of an informed physician and patient adds power to decision making.
Randomized Controlled Studies and Randomized Double Blind Controlled Studies
Cochrane wrote, "It is surely a great criticism of our profession that we have not organized a critical summary, by specialty or subspecialty, adapted periodically, of all randomized controlled trials. I. There is no data. Several reasons account for this. First and central is the excellent outcome in most patients with thyroid cancer. Physicians tend to accept that whatever treatment they administer accounts for that success, and they are, therefore, both reluctant to change that regime and also unwilling to randomize patients not to receive their therapies. Related to the overall good outcome is the number of patients and the time necessary to reach a statistically significant answer. The outcome could be recurrence of cancer or death from cancer. Let us use a hypothetical set of numbers. The chance of dying from differentiated thyroid cancer is about 5% at ten years when the disease is treated by operation and thyroid hormone. The mortality over 10 years is 4% for those treated by surgery, thyroid hormone, and 131 I. For those treated with 131 I the absolute risk reduction is 5-4 = 1%. The number needed to treat to prevent 1 death would be 100 patients followed for 10 years. The relative risk for death when 131 I is included is 4/5 = 0.8 or 80%. The absolute risk reduction and number to treat are more valuable than the relative risk since they incorporate the prevalence of the problem. In order to reach statistical significance, several thousand patients would need to be randomized and followed for more than twenty years.
One randomized trial concerned with 131 I allocated patients to one of 8 therapy groups, but all patients received 131 I treatment (12) . Unfortunately, this trial could not answer whether 131 I reduced the rate of recurrence or mortality; rather it determined what administered dose would ablate residual thyroid. The lowest dose these investigators administered was 555 MBq or 15 mCi, and they increased this by 185 MBq (5 mCi) increments up to a maximum of 1.85 GBq (50 mCi). They demonstrated that doses of 925 MBq (25 mCi) or greater were superior to smaller doses. There was no difference in outcome between the subgroups treated with 0.925 MBq to 1.85 MBq (25-50 mCi). The paper includes odds ratios and confidence intervals and makes valuable reading.
There are randomized cross over placebo studies to determine the effect of levo-thyroxine on the size of thyroid nodules (13) . There are randomized trials of injection of ethanol versus levo-thyroxine for thyroid nodules (14) . There is no investigation comparing a supraphysiological dose of levo-thyroxine versus a physiological dose in prevention of recurrence of cancer or reduction in mortality.
Meta-Analysis
In recent years there has been a cult in the value of meta-analysis. A meta-analysis is a review combining the results or outcomes of many published studies. When each of the studies demonstrates a trend for example radioiodine therapy reducing the number of recurrences of thyroid cancer, the combined data add strength to the thesis that 131 I is beneficial. When the studies used for the meta-analysis show disparate results the outcome of the meta-analysis is neutral. Many meta-analyses have been used to help in development of guidelines for managing medical conditions. They also form a basis for evidence-based medicine. It is important that the basic publications are consistent in the types of patients evaluated and the therapies prescribed. If all of the patients in one study who receive 131 I treatment have small cancers that have been totally excised,
131
I will appear to be very successful because there was no residual disease to treat. If these data are combined with publications discussing patients who had metastases to distant sites, their response to 131 I would be substantially worse and the studies would cancel each other out. Conversely, if all of the publications analyzed contain patients with small cancers and 131 I appears to be consistently successful, it would be wrong to conclude that 131 I would be useful for metastatic disease. Therefore it is valuable to review the raw information used in a meta-analysis before making a judgement. Higgins et al. have developed a technique for measuring the degree of inconsistency in a meta-analysis (15) . This has been designated I 2 and is derived from the formula I 2 = 100 ¥ (Q -df)/Q, where Q is Cochran's heterogeneity statistic and df the degrees of freedom.
Cochran's Q is calculated by summing the squared deviations of each study's estimate from the overall meta-analytic estimate. The degree of freedom is the number of studies analyzed minus one.
References to Published Articles
The text is extensively referenced and includes personal published work of 35 years managing patients with thyroid disorders including thyroid nodules and thyroid cancer. I have used PUBMED and MEDLINE and on occasion Google and have tried to update each chapter as it was being revised. I had to draw the line at some empiric ending time and used December 1, 2004.
Every effort has been made to refer to key articles and I apologize for any omission. Authors who find one of their important publications has been overlooked should not take this personally; the defect is an oversight not a slight. I would be happy to receive information that has been omitted by regular mail or e-mail.
There are several very useful sources of information apart from the computer links and standard textbooks. These include medical journals and now patients in addition to physicians can usually get access to abstracts and texts through PUBMED. The search engine Google can also find information and references. Several organizations provide help for patients as well as physicians, as seen in Table 1 .5. The first is reached through the web site www.thyca.org. This thyroid cancer survivor organization provides solid current information for patients and it has published an excellent 
Patient-Physician Relationship
This is a complex topic to condense. The relationship of patient and physician varies greatly between doctors, from country to country. It is based on education, role models, personal characteristics of family upbringing, personal experience, of being a user rather than a giver of care, and other factors that are hard to understand. There are differences that can relate to gender, age, ethnicity, education, and interest. (16) The patient wants "a patient-physician relationship based on understanding, honesty, and trust" (17) . In the United States there are two trends that are not compatible. On one hand is an educated public that wants to share in the decisionmaking. On the other is managed care, where the aim is to make money for shareholders of companies responsible for delivering care. Those in charge of managed care organizations state there are other aims such as providing uniform, high quality medical care and preventative medicine, but in reality these leaders would not be in position if their companies were in the red.
Other countries have problems with long waiting lists for testing and therapy. I have been informed that in some European countries a patient who would benefit from 131 I treatment frequently has to wait for months for a designated hospital bed to become available. These events can strain the patient physician relationship. In talking to physicians from all parts of the world, there is a consensus that they are working harder and consulting on more patients than in previous years. This also strains the relationship. There are several criticisms cited by patients. First that they do not have enough time to discuss their problems and to digest and understand the protocols for testing and treatment and to ask questions. In addition, they do not have the ability to have input in their management, which is presented to them as gospel and immutable. These issues are not easy to rectify but each clinician should try within their system to provide unhurried, sensitive, empathic, and knowledgeable care and to work with rather than above the patient. Objective evaluation of empathy has demonstrated that women physicians perform better than men, and psychiatrists are significantly superior to anesthesiologists, orthopedic surgeons, neurosurgeons, radiologists, cardiovascular surgeons, obstetricians and gynecologists, and general surgeons (18) . Medical schools are investing more time in development of programs to increase the communication skills of young physicians (19) . Patients should be advised to bring records such as operative and pathology reports and pathology slides. The slides should be reinterpreted and where possible scintiscans and radiological studies should be reviewed. This is superior to reading the reports. On occasion the volume of information the patient brings is large and it has to be reviewed and discussed separately. I was once faced with a patient who wheeled a large suitcase full of documents into the consulting room. When a patient is referred from your own institute it is beneficial to have all the information available at the time of the consultation. Patients are also advised to develop a list of questions related to their management. Once the relationship is established small pieces of information can be discussed by a short phone call. This could include the result of a recent blood test and whether the dose of a medication should be adjusted. These interactions are usually brief. When the issue turns out to be more substantial, a clinic visit can be organized (20) . A study of patients who used scripted simulated problems found that triage by telephone was erratic (21) . However, the range of advice sought was diverse and when the patients and their conditions are known and the item to be discussed relates to their illness the advice should be robust. Patients appreciate this since it avoids taking time off work, parking at the hospital, registering, and waiting. All consultations, including phone messages, should be documented. Another frequent complaint is that patients say they love Dr X but he keeps them waiting three or four hours. This should not happen.
Some patients use e-mail to relay symptoms and questions. Some physicians use it to convey information. This could be the way of the future. My preference is for direct communication either in the clinic or by telephone. The new regulations concerning privacy in the United States make the use of the Internet very hazardous. The privacy requirements make it important to talk directly to the patient and only after explicit permission has been given is it acceptable to speak with a designated alternative.
Alternative Therapy
Alternative medicine applies to non-standard or unconventional treatments. Many people place great stock in these. The therapies are supported by testimonies, but usually there are no peer reviewed published data. It is difficult to argue against alternative therapy with two provisos. One, that the alternative treatment is not used in place of conventional treatment. Secondly, that the treatment is known to have no deleterious side effects. There is almost no data on the latter. I sent batches of alternative therapies used by one patient for analysis by scientists in a company that had top chemists working on identifying active ingredients of traditional Chinese and Oriental remedies. They were unable to find any known active ingredient in the patients alternative medications. This suggests the therapies would provide no benefit, but the analysis did not guarantee that the materials were non-toxic. The following are 3 examples of alternative medicines copied directly from their web sites:
If you are reading this page, you or someone you love has cancer. Dr X's goal is to provide hope and an alternative to the unsuccessful common treatments offered by the medical field. TumorX Paste & Proteolytic Enzymes. This is a web site where one can find alternative cancer treatments, using TumorX Paste and TumorX Proteolytic Enzymes. These are used in conjunction to eliminate the cancer from one's body. TumorX Paste contains the apoptotic and antiproliferative ingredient Bloodroot, (i.e., Sanguinarine canadensis.) Bloodroot's anti-cancer compounds have been known historically as Hoxsey salve, Dr. Mohs Chemosurgery salve, escharotic salve, black salve, bloodroot salve, and other names. TumorX Paste is used in conjunction with proteolytic enzymes that can, in most cases, defeat one's cancers.
Here are the products most useful for cancer -the top tier, foundational products:
• EOxygen Elements Plus: Four to six bottles a month are a high therapeutic amount. This would work in tandem with the oxygen utilization effects of Super Quinone.
• Ellagic Formula with Graviola: Three or four bottles is a month high therapeutic amount.
• SSR Super Quinone: A course of fourteen vials will last a month and a half and can be repeated until healthy.
• Five Elements Mineral Catalyst: One bottle lasts three months.
• U-Fn: Three bottles a month is the suggested therapeutic usage.
• MPS Gold and MPS 3X: One to three large bottles of the Gold is the therapeutic to high therapeutic level. Add on an equal amount of MPS 3X bottles to boost the immune system even more.
• Whole Cell Beta Glucan: One to three bottles a month depending on your size. This works well with MPS Gold.
• AFA Blue Green Algae: The highest therapeutic amount is about fifteen grams a Ukrain with two cycle Insulin Potentiation Therapy (IPT): We believe Ukrain/IPT is very effective. We have treated all kinds of cancers including Pancreatic, breast, colon, ovarian, thyroid, liver, lymphomas, leukemia, multiple myeloma, prostate, brain, stomach, lungs, mesothelioma, sarcoma, and so forth. Melding this modality with other therapies. Many of the cancers we treated resulted in reduction of tumor markers and shrinkage of tumor mass without any of the horrendous toxic effects we see with traditional chemotherapy.
Readers can recognize the promoters of these are preying on the fears and hopes of patients. It is hoped that sympathetic and sensitive discussions can dissuade patients from investing a lot of hope, money, and time into these.
Traditional Herbal Therapy
The majority of herbal therapies for thyroid disorders come from Chinese sources. Most are used for goiter, thyrotoxicosis and some for hypothyroidism. Figure 1 .8 shows the ingredients a patient was advised to ingest for the treatment of thyrotoxicosis. The components were to be boiled and ingested like tea. The concoction did not work. Some plant extracts are purported to have anti-tumor effects but the literature is noted for its brevity (22, 23) . Some plants have been identified to have antiproliferative effect on medullary cancer cells in vitro (24) . Acupuncture should be included under this heading. Acupuncture applied by experts to the right patient can be used for anesthesia (25) . Acupuncture is disappointing for treatment of thyroid nodules and has no role in managing proven thyroid cancer. (26) Search of the literature did not identify an article discussing the role of acupuncture and thyroid cancer. Alternative and traditional therapies are not included further in the text.
Summary and Key Facts
The incidence of thyroid cancer is increasing in the United States. Three out of four patients are women and the average age is 30 years to 45 years. Although the treatments are established and adhered to vigorously by some authorities, there is a remarkable lack of controlled trials.
• You don't have to use everything in high therapeutic amounts, but the worse your cancer is, the more you may want to use.
day. Try Blue Manna algae for working on emotions and mental outlook.
• Nature's Biotics: A good fundamental product to get, but you have to work into it slowly using just one bottle the first month. Three or four bottles a month would be a good high therapeutic amount.
• eTag: Several cancer clinics are successfully using the eTag to help fight cancer. Protects you from EMFs and energizes your body for better healing.
The International Classification of Diseases is a system developed collaboratively between the World Health Organization (WHO) and ten international centers. The codes allow comparability of collection, classification, processing and presentation of health statistics. This chapter on thyroid anatomy and physiology is included because knowledge and understanding of the information helps with the clinical evaluation and management of the patient. It also aids in the interpretation of laboratory results, cytopathology and histopathology, the principles of surgery, and the pathophysiological changes from excess and insufficient thyroid hormones. Most readers have received basic education on the anatomy and physiology of the thyroid. The gross anatomy has not changed with time, but there are considerable advances in knowledge of molecular events. For some, including patients, there is no such grounding. The goal is to make the information clinically relevant. The chapter is not encyclopedic and references have been selected to provide reviews that include extensive bibliographies. The thyroid is an endocrine gland that produces and secretes the thyroid hormones thyroxine and triiodothyronine. Thyroid hormones control the development of the embryo and the metabolism at all times of life. Prolonged deprivation of thyroid hormone results in slowing of the function of all systems and with time the patient becomes comatose (myxedema coma) and eventually dies. Excess thyroid hormone results in an increase in function of all systems, and this can also cause the life-threatening syndrome of thyroid crisis, which has a significant mortality.
ICD 9 code Diagnosis

Thyroid Anatomy: Gross Anatomy
The thyroid is a bilobed gland. The left and right lobes lie on each side of the trachea. The isthmus that joins the lobes is usually anterior to the second to fourth tracheal cartilages. The lobes extend superiorly and inferiorly from the isthmus and the shape is similar to a butterfly as shown in Figure 2 .1A,B,C and Figure 2 .2 in which the structures are labeled. The inferior margins of the lateral lobes in a normal gland are at the level of the sixth tracheal ring. In regions where there is adequate intake of iodine the thyroid weighs between 10 g and 20 g. Because human soft tissues are predominantly water, the gland has a volume of 10 ml to 20 ml. It is the largest endocrine gland. In an adult the dimensions of each lobe are approximately in length 5 cm, breadth 2 cm to 2.5 cm, and depth 1 cm to 1.5 cm. There is a fibrous capsule that sends septae into the gland dividing it into lobules. Branches of the arteries and veins run through the capsule with the connective tissue. The pretracheal fascia covers the gland and anterior to that are three pairs of infrahyoid strap muscles, the sternohyoids, sternothyroids and omohyoids. In front of the strap muscles the sternocleidomastoids muscles run at an angle from the mastoid superiorly and laterally to the manubrium and clavicle inferiorly and medially.
Chapter 2 Thyroid Anatomy and Physiology
When palpating the thyroid, it is necessary to pull the sternocleidomastoid gently laterally in order to be able to feel the body and edges of the gland. There are different approaches to examination of the gland by palpation. Some prefer to sit in front of the seated patient and use the thumbs to identify anatomic landmarks, the edge of the gland, and any nodule or nodules. All authorities agree that looking at the gland with the patient seated can provide information about the size and shape of the gland, the presence of nodules and scars, and significantly enlarged lymph nodes. After inspection, most authorities, including myself, prefer to stand behind the patient and use the first and second fingers of both hands to palpate. I place my thumbs on the patient's spine at about the level of the thyroid and then position my first and second fingers gently on the trachea. The fingers are gently moved up and down to identify the isthmus, which is not covered by strap muscles. When that is felt, the examining fingers move to one lobe using the isthmus as a focal point to identify the medial border of the lobe, and the sternocleidomastoid is gently maneuvered to the side to allow the body of the lobe and its lateral margins to be felt. Then the opposite lobe is examined. When a nodule is palpated: Its size, (1) is the thyroid gland, (2) the trachea, (3) the sternocleidomastoid muscles, (4) the common carotid artery, (5) the internal jugular vein, (6) the thyroid cartilage, (7) the hyoid cartilage, (8) the esophagus, (9) the body of a cervical vertebra, (10) the spinal canal and cord, (11) the erector spinae muscle, (12) the levator scapulae muscle, (13) the sternohyoid, sternothyroid muscles, (14) the vagus nerve, (15) the recurrent laryngeal nerve, (16) the external laryngeal nerve, (17) the superior thyroidal artery, and (18) the inferior thyroidal artery. In C the close proximity of the external laryngeal nerve and the superior thyroidal artery should be noted.Also of note is the close proximity of the recurrent laryngeal nerve to the inferior aspect of the thyroid.
consistency, movement, or fixation is documented. The thyroid moves when the patient swallows, so the examination is aided by having a glass of water available. Then the cervical lymph nodes on each side should be examined. Although spread of cancer to the posterior cervical nodes is not common, they should be examined as part of a routine. Auscultation over an enlarged gland can identify the bruit usually associated with Graves' hyperthyroidism. A bruit over a large nodule, especially when it is pulsatile, should be a sign not to proceed to a biopsy without an ultrasound to identify the arterial flow.
In countries where the intake of dietary iodine is low, the thyroid tends to be larger. An enlarged thyroid is called a goiter. The term endemic goiter is used when 10% or more of the population have an enlarged thyroid. As the thyroid enlarges, it becomes visible and easier to feel on clinical examination. In addition when the gland enlarges, there is a tendency for nodules to form. In regions of iodine deficiency the thyroid gland in older people is almost always enlarged and nodular. This is called a multinodular goiter. In older patients as the thyroid enlarges, there is also a tendency for the inferior margin of the gland to move downwards until it enters the thoracic inlet. This movement is partly dictated by the pretracheal fascia that is denser anteriorly and superiorly, so an enlarging gland is guided inferiorly and posteriorly. Once the inferior border of the thyroid has entered the thoracic cavity the reduced pressure in the thorax caused by breathing, along with gravity, can cause the inferior migration to continue into the mediastinum. This results in a sub-or retro-sternal goiter. 
Embryology
Embryologically, the thyroid forms from an invagination in the floor of the pharynx between the first and second pharyngeal pouches. That region ends up as a spot at the back of the tongue (1). At day 24 in utero the tissues migrate inferiorly to their final position in the neck, which is reached by about the eighth week in utero. Texts refer to the forming tissue as an anlage, which the dictionary defines as "the basis for later development". The thyroid is dragged by the forming heart. Three thyroid transcription factors, TTF-1, TTF-2, and PAX-8, are essential for normal development and migration of the thyroid (2) . Mice that are homozygotes for a defect in the TTF-1 gene have no thyroid tissue and have severe defects of the hypothalamus, forebrain, and lungs. Similarly mice with homozygous defects in the Pax-8 gene have no thyroid (follicular) cells. In a proportion of TTF-2 knockout mice the thyroid is an ectopic position. This suggests that TTF-2 is required for migration of the forming thyroid. These three factors are also involved in the production of functional proteins by follicular cells that are essential for the formation of thyroid hormones. These include the sodium iodide symporter (NIS), thyroid peroxidase (TPO), and thyroglobulin (Tg), which are discussed individually below. The midline thyroid fuses with tissues derived from the fourth and fifth branchial clefts, which combine to form the lateral lobes. These bring neuroendocrine cells from the ultimobranchial body that forms parafollicular cells (also called C cells). C cells produce and secrete calcitonin.
Three functional stages in the development of the thyroid have been described, called precolloid, colloid, and follicular. These occur at 7 weeks to 12 weeks, 13 weeks to 14 weeks, and after 14 weeks. (3) Their appearances can be mirrored by adult pathologies that are labeled as embryonal and fetal lobulation. The thyroid can produce hormones by week 12 and some state as early as day 74.
The embryological origin of the thyroid can be seen as the foramen cecum, which is in the midline of the tongue, approximately at the junction of the anterior 2/3 and the posterior 1/3. The migratory route from the foramen cecum to the cervical position is called the thyroglossal tract. In early embryological formation this is a tube, the thyroglossal duct, but during embryologic development it usually becomes fibrotic, and after birth it is even difficult to identify at operation. Rarely the gland fails to migrate from its original site of development, resulting in a lingual thyroid, as shown in Figure 2 .3. The condition presents with a mass at the base of the tongue that can cause dysphagia, dysphonia, and dyspnea (4, 5) . In general a maldescended thyroid does not produce physiological quantities of thyroid hormones, and the patient is hypothyroid and has an elevated thyroid stimulating hormone (TSH). One of the reasons is because the lateral lobes have not fused with the median thyroid; therefore, the volume of cells is insufficient for adequate production of thyroid hormones. In most patients with an ectopic thyroid that is the only functioning tissue, but there are exceptions, including one report where the lingual thyroid was recognized 20 years after the patient had undergone thyroidectomy for a multinodular goiter (6) . The high TSH perpetuates the growth of ectopic dysfunctional thyroids. The treatment of an uncomplicated lingual thyroid is administration of thyroid hormone for life to suppress TSH. Very occasionally the mass needs to be ablated with 131 I (7). Because the patients are hypothyroid it does not make sense to autotransplant the tissue since thyroid hormone will be necessary for life in any case (8) . Very rarely thyroid cancer arises from follicular cells in a lingual thyroid, and its management is discussed in Chapter 6 (9, 10). The main clinical issues are to recognize that a mass in the midline at the back of the tongue can be the thyroid, and if there are any suspicious symp- 
